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A database of dermal exposure measurements (DERMDAT) comprising data from 20 surveys
was created. The majority of dermal exposure measurements were from agricultural settings
in which workers’ exposure to pesticides was investigated. Other data came from studies of
workers exposed to polycyclic aromatic hydrocarbons (e.g. coke-oven workers and paving
workers) and from studies of subjects exposed to complex mixtures (rubber industry). The
database contains approximately 6400 observations.

Grouping the workers by job title, factory and body location and excluding groups with
more than 25% data below the limit of detection, or with less than two workers with at least
two repeats, resulted in 283 groups with 1065 workers and 2716 measurements.

Analyses of variability showed median values of the total, within- and between-worker
geometric standard deviations of respectively 2.55, 1.98 and 1.47, strikingly similar to what
has been published previously for respiratory exposure. Within-worker variability (wS2

y) was
in general higher than between-worker variability (bS2

y) in dermal exposure levels. Agricul-
tural groups of re-entry workers showed very little to no between-worker variability, while
industrial groups did show some variability in individual mean exposures (range
bS2

y=0.15�0.29). When the between-body-location component (blS2
y) was also addressed, it

turned out to be the most prominent component (median bS2
y=0.004; median wS2

y=0.12;
median blS2

y=0.34). In agriculture the between-body-location component was smaller than in
industry. Day-to-day variability in dermal exposure levels appeared to be significant for spe-
cific locations, but not for the average of several body-locations. Underlying exposure scen-
arios (transfer and deposition) also played an important role.  2001 British Occupational
Hygiene Society. Published by Elsevier Science Ltd. All rights reserved
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INTRODUCTION

The field of dermal exposure to chemicals emerged
from agriculture and was directed to exposure to pes-
ticides (Durham and Wolff, 1962). Developments of
measurement methods for dermal exposure have been
slow when compared to the developments for
exposure to particulate matter and gases and vapours.
While for instance the measurement of particulate
matter was standardised and design and performance
of different samplers reviewed, measurement of pes-
ticides on the skin has basically stayed the same for
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more than four decades (Durham and Wolff, 1962;
OECD, 1997). For measurement strategies we see a
similar picture, with developments for respiratory
exposures from worst-case approaches to more elab-
orate sampling strategies that take into account
within- and between-worker components of exposure
variability (Lyles et al., 1997). Measurement stra-
tegies for dermal exposure hardly exist and have been
predominantly developed for registration purposes of
pesticides. Starting with the WHO and EPA protocols
in the eighties (WHO, 1982; US-EPA, 1985) only
fairly recently a new guidance document from OECD
was published (OECD, 1997). Structural attention to
temporal and personal variability in exposure
measurements has been almost entirely absent. The
distribution of exposure over the body has on the con-
trary, been extensively studied. The main reason for



258 H. Kromhout and R. Vermeulen

this has been that estimates of total body uptake
through the skin were needed for risk assessment pur-
poses. Some anecdotal evidence of between- and
within-worker variability in dermal exposure can
nonetheless be found in the literature. Stamper et al.
(1986) reported significant but not extreme variation
in average dermal exposure levels between 10 har-
vesters measured on six consecutive days (Tuesday–
Tuesday in a two-week period). They attributed this
variation to differences in work practices among
workers harvesting tree crops. Fenske (1993) claimed
that because of highly variable source strength due to
decomposition of pesticides and differences in work
practices and hygienic behaviour both within- and
between-person variability of dermal exposure in
agricultural settings will be greater than that of corre-
sponding respiratory exposures. A few years later
OECD stated that ‘the inherent variability in (dermal)
exposure under field conditions is best addressed by
increasing the number of subjects, rather than
repeated monitoring of the same individuals, as varia-
bility between workers is generally greater than that
encountered when monitoring the same worker’
(OECD, 1997). However, de Cock et al. (1998)
showed for 126 re-entry workers from 32 fruit farms
that between-body-location variability was the largest
variance component, followed by day-to-day varia-
bility and differences between tasks. Between-worker
variability in average exposure was absent, when
adjusted for these other variance components.

In the WAUNC database (Kromhout et al., 1993)
some dermal measurements were available mainly
from the rubber manufacturing industry. These
measurements showed a larger total variability than
respiratory exposures, due to increased between-
worker differences. The authors like Fenske (1993),
suggested differences in personal behaviour to be
responsible for this phenomenon.

Nigg and Stamper (1985) concluded more than a
decade ago that knowledge of sources of variation
encountered in dermal exposure studies would be
helpful to design more rational field studies. In order
to get a better understanding of the temporal (day-to-
day), personal (between-worker) and spatial
(between-body-locations) variability a database
(named DERMDAT) was constructed of about 6400
dermal exposure measurements from a variety of
industries. All measurements were personal measure-
ments and sampling took place either at more than
one body-location, or on at least two occasions. This
paper describes the database, summarises the variance
components, and describes factors that contributed
significantly to these variances. This information was
used to give guidance for future measurement stra-
tegies.

MATERIALS AND METHODS

The database was created out of existing field stud-
ies and comprises the data from 20 surveys. The data

sets were collected from literature (N = 1), from the
archives of our own group (N = 11) or were provided
by other research groups (N = 8). Most of the studies
(N = 13) have been published in the open literature
(Boleij et al., 1991; Brouwer et al., 2000; de Cock et
al., 1998; Kromhout et al., 1994; Nigg et al., 1984;
van Rooij et al., 1993, 1994; van Wendel de Joode
et al., 1996; Vermeulen et al., 2000a,b). Data were
collected between 1982 and 1999. The database was
elaborated by the authors either from the actual pap-
ers or data sets provided by the researchers. The data-
base consists of the variables listed in Table 1. The
authors coded the variables after consulting the orig-
inal researchers.

Variance components were estimated in two ways.
First for each group defined by job code and location
(factory or farm), having at least two workers with at
least two measurements per worker, the within- and
between-worker variance components (respectively
wS2

y and bS2
y) were estimated for each body-location

measured. Groups with more than 25% of their obser-
vations below the limit of detection were excluded.
Secondly, for the groups with measurements of mul-
tiple body-locations measured for more than one day
the between-body-location variance component (blS2

y)
was estimated in addition.

The one-way analysis-of-variance (ANOVA)
methods, which were used to estimate the compo-
nents of variance, have been described extensively
elsewhere (Kromhout et al., 1993). From the variance
components the ratios of the 97.5th and 2.5th percen-
tiles of the log-normally distributed exposures for
each group were estimated. These ratios designated
R.95’s provided information regarding the ranges of
exposures experienced between workers (bR.95) and
within workers from day-to-day (wR.95), respectively
(Rappaport, 1991).

The nested two-way analysis-of-variance model
has also been described previously (Kromhout and
Heederik, 1995). In this model day is supposed to be
nested in a worker and body-location in both worker
and day. The ANOVA table resulting from such a
model enables estimation of three variance compo-
nents, the between-worker variance, the pooled day-
to-day variance and the pooled between-body-
location variance.

The distributions of the variance components and
R.95’s were evaluated by stratifying for several vari-
ables, including measurement strategy, monitoring
method, exposure scenario and production and
environmental characteristics. Wilcoxon’s rank sum
test (Snedecor and Cochran, 1980) was used to test
the significance of shifts of location in the distri-
butions of the variance components.

All statistical analyses were performed with SAS
System for Windows (version 6.12) (SAS Institute,
1990).
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Table 1. Information present in the DERMDAT database

Variable Description

Set Unique number
Origin Research group
Country Country of origin
Factory Unique number
Industry International Standard

Industrial Classification
(ISIC)

Job Description of job
Job code Original coding of job title
Occupation International Standard

Classification of Occupations
(ISCO)

Date Date of measurement
Worker Unique identity number
Type Type of exposure (agent)
Compartment Compartment sampled (e.g.

skin, clothing)a

Scenario Scenario of the mass
transport process (e.g.
deposition, transfer from
surface to skin, transfer from
surface to clothing, transfer
clothing to skin, etc.)a

Body location Body location that is sampled
(e.g. head, neck, upper arms,
wrists, hands, etc.)

Method Sampling method (pads,
gloves, hand wash, VITEA
etc.)

Concentration Measured mass per surface
area or time unit

Detection limit Below (=0) or at or above
(=1) detection limit

Unity Unit of measurement
(µg/cm2/8 h; µg/cm2; µg/h)

Sampling time Duration of measurement
Sample of workers Non-random (=0); random

(=1); volunteers (=2);
everybody (=3)

Sample of days Non-random (=0); random
(=1); fixed days (=2); all
days (=3)

Environment Outdoors (=0); indoors (=1)
(most of the time)

Local exhaust ventilation Not present (=0); present
(=1)

Process Intermittent (=0); continuous
(=1)

Mobility of worker Stationary (=0); mobile (=1)
Mobility of source Stationary (=0); mobile (=1)
Source Local (=0); general (=1)

aAdapted from Schneider et al. (1999)

RESULTS

In Table 2 the basic characteristics of the
DERMDAT database are shown. Twenty-two
measurement series from almost 900 workers yielded
6410 observations. The number of groups defined by
job title, factory (farm) and body-location was 322.
The majority of the studies, groups and measurements
originated from The Netherlands (respectively 75, 90
and 80%). The agricultural sector and the rubber

manufacturing industry provided more than 90% of
the groups.

Table 3 presents the measurement strategy charac-
teristics that were used to collect the dermal exposure
data. Surrogate skin methods were the method of
preference (93%). Measurements with pads were the
most popular sampling method (87%). Removal tech-
niques accounted for 5% of all measurements and
another 3% of the data were collected applying the
VITEA technique (Fenske and Birnbaum, 1997). The
skin compartment was measured in 84% of the obser-
vations. In 56% of the measurements either transfer
from contaminated surfaces (36%) or direct depo-
sition or emission (20%) to the uncovered skin was
monitored. In 28% of the measurements dermal
exposure due to transfer from contaminated clothing
to the skin was measured. Measuring everybody on
random days was the preferred measurement strategy
(38%) and the majority of the measurements took
place indoor (66%). Duration of sampling showed a
distinct bimodal distribution with 20% of the
measurements lasting less than 1 h and 25% more
than 8 h.

Large differences were apparent between industries
for the number of repeats from day-to-day and the
number of repeats on a given day (multiple body-
locations). In the studies in rubber manufacturing on
average only one body-location was measured, while
the studies in agriculture, coke production and the
asphalt industry measured on average 6–7 body-
locations. Generally the studies typically lasted for
one week only. In more than half of the dermal
exposure measurements pesticides were involved,
while cyclohexane soluble matter and polycyclic aro-
matic hydrocarbons were the other main exposures
present in the database.

Grouping the workers by job title, factory (farm)
and body-location and excluding groups based on the
criteria mentioned earlier left 283 groups with 1065
workers and 2716 measurements (Appendix A).
These groups came from only 12 of the original 20
studies. Four studies, all from the agricultural sector,
had only one person at each farm being measured.
Four other studies had no repeated measurements in
time, but only repeated measurements within a parti-
cular day (multiple body-locations).

In Fig. 1 the cumulative distribution of the
between- and within-worker values of the R.95’s are
shown for these 283 groups. Almost 40% of the
groups had 95% of the individual mean exposures
(per body location) within a factor 2 (bR.95�2). On
the other hand, almost 35% of the groups had values
of bR.95>10 and 15% of the groups had bR.95>50. In
general the day-to-day variability exceeded the
between-worker variability, indicating larger tem-
poral differences in exposure than between workers
with the same job title and factory (farm). The median
values of the total, within- and between-worker geo-
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Table 2. Basic characteristics of the DERMDAT database

Number of surveys 20
Number of measurements 22
series
Number of groupsa 322
Number of workers 899
Number of observations 6410

Country No. of studies No. of groups No. of measurements
The Netherlands 15 (75%) 291 (90%) 5111 (80%)
Costa Rica 2 (10%) 7 (2%) 262 (4%)
Italy 1 (5%) 10 (3%) 539 (8%)
USA 1 (5%) 2 (1%) 230 (4%)
UK 1 (5%) 12 (4%) 268 (4%)

ISIC Industry No. of measurements No. of groups
111 Agriculture 3320 (52%) 178 (55%)
331 Wood preservation 68 (1%) 2 (1%)
354 Coke production 663 (10%) 6 (2%)
355 Rubber manufacturing 1541 (24%) 120 (37%)
372 Primary aluminium industry 80 (1%) 1 (0.3%)
3842 Offshore metal construction 168 (3%) 3 (1%)
5000 Asphalt industry 570 (9%) 12 (4%)

aDefined by job title and factory (farm)

metric standard deviations were respectively, 2.55,
1.98 and 1.47.

From Table 4 it is clear that for all exposure scen-
arios except for exposure by transfer from contami-
nated surfaces to clothing the median bR.95 is below
6. Of the 29 groups where the clothing compartment
was measured and for which transfer from contami-
nated surfaces was the main route of exposure, 23
came from a study among sheep dippers. In this data
set up to three workers on each farm were classified
as having a similar job title (sheep dipper) and
location (farm). However, distinct tasks (chucking,
paddling and helping) could be attributed to each of
them, explaining the very high between-worker dif-
ferences for this scenario.

Groups, for which transfer from contaminated sur-
faces to the skin was the main route of exposure, were
further studied by industry and measurement method
(Table 5). Strikingly no between-worker variability
was seen for the agricultural groups, while for the
industrial groups the bR.95 varied between 4 and 8.
The hand wash method showed less day-to-day varia-
bility than the pad method both in agricultural and
the asphalt industry. For the rubber industry temporal
differences were seen in estimates of the variance
components over a 9-yr period while sampling in the
same companies. The between-worker variance
component decreased over time, while the within-
worker component considerably increased.

The distribution of the variance components of
measurements of transfer from surfaces to the skin
with pads (103 groups) were further studied by strati-

fied analyses for the influence of measurement strat-
egy, environmental and production factors (Table 6).
A random measurement strategy resulted in increased
between-worker variability (median factor of 3).
Indoor measurements also showed increased
between-worker variability (median factor of 6). A
local source also led to larger between-worker differ-
ences (median factor of 7). No statistically significant
effect was seen for ‘type of process’ and ‘worker
mobility’. Hardly any influence was seen of all these
parameters on the day-to-day variability.

The results of the two-way random effects
ANOVA models are presented in Table 7. It is obvi-
ous from Table 7 that differences between-body-
locations are the main source of variability. The day-
to-day variability for each body-location separately,
as shown in Table 4 (median wS2

y = 0.47), appears to
disappear when more than one body-location is being
measured at one time and when results are averaged
across body-locations (median wS2

y = 0.02). For the
hand wash method with only two body-locations
(both hands) this was not the case. The large between-
worker variability shown for measurements with pads
of the clothing compartment was largely determined
by eight groups of sheep dippers.

DISCUSSION

The elaborated database described in our paper
offered the opportunity to study between- and within
worker components of dermal exposure to pesticides
and other chemical agents both in agriculture and
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Table 3. Measurement strategy characteristics of the database

Sampling methods
Surrogate skin

Pads 5594 (87%)
Undergarments 130 (2%)
Overall 130 (2%)
Gloves 41 (1%)
Hair band 8 (0.1%)

Removal techniques
Hand wash 286 (4%)
Wet wipe 53 (1%)

Fluorescence techniques
VITEA 168 (3%)

Compartments measured
Skin 5408 (84%)
Outer clothing 1002 (16%)

Scenario measured
Transfer surface to skin 2327 (36%)
Transfer clothing to skin 1775 (28%)
Deposition/emission to skin 1306 (20%)
Transfer surface to clothing 560 (9%)
Deposition/emission to clothing 442 (7%)

Measurement strategy
Everybody/random days 2414 (38%)
Volunteers/fixed days 1334 (21%)
Random workers/fixed days 814 (13%)
Random workers/random days 736 (11%)
Other 1112 (17%)

Environment measured
Indoors 4224 (66%)
Outdoors 2186 (34%)

Sampling duration
20% less than 1 h
Median at 6.5 h
25% more than 8 h
Bimodal distribution

Industry # days # body-locations
mean (range) mean (range)

Agriculture 1.7 (1–6) 7.3 (1–22)
Rubber manufacturing 2.7 (1–4) 1.1 (1–9)
Cokes production 4.9 (4–5) 5.6 (3–6)
Asphalt industry 1.8 (1–4) 7.4 (1–10)

Agents No. (%)
Pesticides 3320 (52%)
Cyclohexane soluble fraction 1572 (24%)
PAH 1350 (21%)
Paint 168 (3%)

industry. In addition between-body-location varia-
bility in dermal exposure could be studied as well.
Unfortunately, the number of measurement series
available was somewhat limited and in addition
measurement methods and strategies appeared to be
closely linked to the particular exposure situation.
Therefore the picture emerging from this database is
far less comprehensive than the picture for respiratory
exposure that emerged from another database that
was published some years ago (Kromhout et al.,
1993).

Nevertheless comparison of median estimates of
both total, within- and between-worker geometric
standard deviations for groups defined by job title and
location (factory or farm) are strikingly similar for
dermal exposure when compared to respiratory
exposure (2.55 vs 2.41, 1.98 vs 2.00 and 1.47 vs
1.43). There appeared to be no evidence for earlier
suggestions in the literature that the between-worker
variability for dermal exposure would be larger than
for respiratory exposures. Also similar to respiratory
exposures, dermal exposures (for a particular body-
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Fig. 1. Cumulative distributions of bR.95 and wR.95 for all 283
groups defined by job title, factory (farm) and body location.

location) tend to vary more from day to day than
between workers. This refutes the OECD suggestion
that for dermal exposure the variability between
workers is generally greater than that encountered
when monitoring the same worker. The notion that
the between-body-location variance component was
the largest as suggested by de Cock et al. (1998) in
a study among fruit harvesters was further corrobor-
ated in our study with similar evidence from other
agricultural and industrial studies. However, it was

Table 4. Median results of the one-way random effects ANOVA for groups defined by job title, factory (farm) and body
locationa

Scenario No. of groups bS2
y bR.95 wS2

y wR.95

All 283 0.15 4.5 0.47 14.5
Transfer SS 135 0.09 3.3 0.50 16.1
Transfer CS 81 0.08 3.1 0.42 12.8
Transfer SC 29 2.03 270 0.63 22.6

Sheep dipping 23 2.18 328 0.79 32.4
Re-entry 6 0.25 7.1 0.33 9.6

Deposition 38 0.20 5.7 0.33 9.6

aSS: surface to skin; CS: clothing to skin; SC: surface to clothing. bS2
y: between-worker variance; bR.95: ratio of the

97.5th and 2.5th percentiles of the between-worker distribution; wS2
y: within-worker variance; wR.95: ratio of the 97.5th

and 2.5th percentiles of the within-worker distribution

also shown that body-location variability was less
than the day-to-day variability when the hand wash
method was applied. The fact that only two similar
body-locations (both hands) are measured and the fact
that the total skin area represented by this method is
100%, instead of a few percent when using dermal
pads, explains this finding.

The results for the transfer of contamination from
surfaces to the skin revealed that between-worker
variability within groups of workers in agriculture
was absent (see Table 5). The most likely explanation
for this phenomenon can be traced to the fact that
most of these agricultural groups consisted of re-entry
workers with similar task contents and an omnipres-
ent source of contamination (dislodgeable foliar
residue). In industrial situations more variability in
average dermal exposure was present between work-
ers from the same group that can presumably be
related to more differentiation in task contents and
sources of exposure.

The results also show that part of the temporal
variability can be accounted for by the sampling
method applied. The surrogate skin pad method exhi-
bited more day-to-day variability than the hand wash
method most likely due to non-uniform distribution
of exposure for a specific body location in combi-
nation with the relatively small surface area of the
pad. This implies that more repeated measurements
should be taken over time when applying the pad
method than when the hand wash method is being
used. Larger pads (as has been suggested by OECD)
or multiple pads are an alternative solution. The two-
way analysis of variance showed that the temporal
variance component disappeared when multiple pads
were used on different body-locations simultaneously.
With no real temporal variability present (the appar-
ent temporal variability is caused by sampling error),
it is expected that production and environmental fac-
tors showed no influence on the day-to-day varia-
bility. The differences in average dermal exposure of
individual workers on the contrary were influenced
by these variables and measurement strategy related
variables. These findings are in sharp contrast with
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Table 5. Median results of the one-way random effects ANOVA for groups defined by job title, factory (farm) and body
location for the transfer surface to skin (Transfer SS) scenarioa

Industry method No. of groups bS2
y bR.95 wS2

y wR.95

All 135 0.09 3.3 0.50 16.1
Agriculture
Pads 20 0.00 1.0 0.84 36.5
Hand wash 24 0.00 1.0 0.31 8.7
Rubber
Pads 1998 50 0.29 8.1 0.49 15.6
Pads 1997 15 0.15 4.5 0.82 34.6
Coke oven
Pads 8 0.21 6.0 0.46 14.2
Asphalt
Pads 6 0.18 5.5 0.23 6.5
Hand wash 5 0.16 4.7 0.13 4.1

a
bS2

y: between-worker variance; bR.95: ratio of the 97.5th and 2.5th percentiles of the between-worker distribution; wS2
y:

within-worker variance; wR.95 ratio of the 97.5th and 2.5th percentiles of the within-worker distribution

Table 6. Median results of the one-way random effects ANOVA for groups defined by measurement strategy, environmen-
tal and production factors (for 103 groups with surface to skin transfer (Transfer SS) scenario measured with pads only)a

Factor No. of groups bS2
y bR.95 wS2

y wR.95

Strategy
Random 50 0.29 8.1* 0.49 15.6
Non-random 53 0.06 2.6 0.65 23.5
Environment
Indoor 79 0.23 6.4** 0.52 17.3
Outdoor 24 0.00 1.0 0.65 23.6
Process
Intermittent 18 0.25 7.2 0.44 13.5
Continuous 85 0.12 3.9 0.60 20.6
Source
Local 69 0.25 7.2*** 0.53 17.5
General 34 0.00 1.0 0.55 18.2
Worker
Mobile 84 0.15 4.5 0.64 23.1
Stationary 19 0.06 2.6 0.52 16.7

a
bS2

y: between-worker variance; bR.95: ratio of the 97.5th and 2.5th percentiles of the between-worker distribution; wS2
y:

within-worker variance; wR.95: ratio of the 97.5th and 2.5th percentiles of the within-worker distribution. *P�0.05
**P�0.01 ***P�0.001

Table 7. Median results of the two-way random effects ANOVA for groups defined by job title and factory (farm)a

Method compartment No. of groups bS2
y bR.95 wS2

y blS2
y

All 52 0.10 3.4 0.02 0.46
Hand wash
Skin 10 0.00 1.0 0.26 0.13
Pads
Clothing 10 1.47 118 0.00 2.44
Skin 31 0.06 2.7 0.02 0.61
Gloves 1 0.14 4.4 0.02 0.22

a
bS2

y: between-worker variance; bR.95: ratio of the 97.5th and 2.5th percentiles of the between-worker distribution; wS2
y:

within-worker variance; blS2
y: between-body-location variance

the findings for inhalation exposures were basically
the opposite was noticed (Kromhout et al., 1993).

Using estimates of variance components from earl-
ier studies in similar industries or even the same com-
panies turned out to be risky. The dermal exposure

data from the rubber manufacturing industry appeared
not to be stationary.

The DERMDAT database has very limited power
for generalisation. The majority of the data comes
from small groups (as small as one per farm) from
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agriculture. Therefore the estimates of the variance
components will be very imprecise (Symanski et al.,
1994). Furthermore, source strength in agriculture is
often not stationary (Boleij et al., 1991). This could
result in an increased day-to-day variability that
would be less relevant for industrial exposure situ-
ations. Some evidence for increased temporal varia-
bility in dermal exposure in agriculture was apparent
from our database. Also, purely random measurement
strategies were very infrequently applied and as was
shown this affected the variance components.

Further limitations were present with regard to
compartments measured (skin and outer clothing),
exposure scenarios (deposition, transfer) and
measurement method (basically only one: surrogate
skin).

So, in order to arrive at more general insights in
dermal exposure variability and its consequences for
measurement strategies more data should be made
available or collected. Especially, more individuals
should be measured per group, longer observation
periods (>1 week) are needed and more ‘true’ random
sampling strategies should be applied. Unfortunately,
existing protocols are rather restrictive with regard to
the above mentioned points. These protocols generate
in general large amounts of quality control data
(Fenske and Teschke, 1995) and most often the data
is coming from semi-experimental settings. The exist-
ing protocols predominantly cater for regulatory
agencies engaged in risk assessment of particular
chemicals (e.g. pesticides). Dermal exposure assess-
ment strategies for epidemiology and hazard control
should, however, be developed based on knowledge
of temporal, personal and spatial variability. Regret-
tably, a comprehensive picture of these crucial factors
is still far away. Prospective epidemiological studies
and studies focusing on hazard control should there-
fore, for the time being, start with pilot studies to
determine these factors in order to optimise exposure
assessment methods and strategies. The implications
of the estimated variance components for the actual
measurement strategy will depend on whether sys-
temic or local effects of dermal exposure are being
studied. In addition, de Cock et al. (1995) have sug-
gested that penetration rates might be different for
specific body locations. Considerations like these will
next to the variance components, eventually deter-
mine the measurement strategy for a particular study
on dermal exposure.
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